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R 8 is 2,4-dinitrophenyl. 

R g is hydrogen, lower alkyl, -(CH 2 ) m -cycloalkyl, 

O ** 

II 

-(CH 2 ) m -aryl, -(CH 2 ) n -heterocyclo, -C-NH-R^, or 

O 
H 

" C " R 13 * 

is hydrogen, lower alkyl, -(CH^-cycloalkyl, 
-<CH 2 ) m -aryl, -(CH 2 ) n -heterocyclo, or 

I || I" t 

-CH— C-e NH— CH — C R 13 ^ 

q is zero or one. 

1^3 is hydroxy, -O-lower alkyl, 
-0-(CH 2 ) m -cycloalkyl, -0-(CH 2 ) m -aryl, 
-O- ( ) n -heterocyclo , -NH 2 , or -O-salt forming ion. 

The term lower alkyl used in defining 
various symbols refers to straight or branched 
chain radicals having up to seven carbons. 

The term cycloalkyl refers to saturated 
rings of 4 to 7 carbon atoms with cyclopentyl and 
cyclohexyl being most preferred. 

The term halogen refers to chloro, bromo and 
f luoro . 

The term halo substituted lower alkyl refers 
to such lower alkyl groups described above in 
which one or more hydrogens have been replaced by 
chloro, bromo or f luoro groups such as tr if luoro- 
methyl, which is preferred, pentaf luoroethyl , 
2,2,2-trichloroethyl, chloromethyl , bromomethyl, 
etc. 
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R 3 , R 4 , R 5 , R llf and R 12 are 
independently selected from hydrogen, lower alkyl, 
halo substituted lower alkyl, -(CH 2 ) n -aryl, 
-(CH 2 ) n -heterocyclo / -(CH 2 ) n -OH, -(CH 2 ) n -NH 2 , 
-(CH 2 ) n -SH, -(CH 2 ) n -S-lower alkyl, 
~(CH 2 ) n -S-(CH 2 ) g -NH 2 , -CH 2 ) n -0- ( CH 2 ) g -OH , 
-(CH 2 ) n -0-(CH 2 ) g -NH 2 , -(CH 2 ) n -S-(CH 2 ) g -OH , 

NH O 

/ » 

~(CH 2 ) n -HH-C , -(CH 2 ) n" C " NH 2 



\ 




and -(CH 2 ) n -cycloalkyl , 

R^ and R 2 are independently selected from 
hydrogen, lower alkyl, -(CH 2 ) m -aryl, and 
-(CH 2 ) m -cycloalkyl and -(CH 2 > n -heterocyclo. 

Rg and Rg 1 are independently selected from 
lower alkyl/ cycloalkyl, aryl, and heterocyclo. 

p is zero or one. 

m and m f are independently selected from 
zero and an integer from 1 to 5, 

n is an integer from 1 to 5. 
g is an integer from 2 to 5. 
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AMINOCARBONYL RENIN INHIBITORS 
This invention is' directed to new amino 
carbonyl containing renin inhibitors of formula I 
including pharmaceutically acceptable salts thereof 
(I) 

R 4 O R- R, O R. 

i ii i rn i 1 

X — NH — CH — C -NH -CH— CH — CHj— N- C-CH— R g 

I 

OH 



10 wherein : 

x is 



O R 5 O 



II I II 

15 R 6 -(CH 2 ) m -C+ NH — CH— C-^ , 



O R 5 O 



l| I II 

20 R 6- (CH 2)«- O-C-fr NH-CH-C 



25 



R 6-< CT 2>m- S0 2" 



R_ O 

I H 
•NH— CH- C— ^ 



30 



35 



O 
II 

or R 5 -(CH 2 ) m CH-c— 
I 

(CH 2>m , 
I 

V 



R- O 

I II 

NH-CH- C- 



P 
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@) Antlnocarbonyl renin Inhibitors. 

@ Compounds are disclosed of the formula 

R 4 O R 3 «2 0 Ri 

I II I ioi 
X-NH-CH-C-NH-CH-CH-CH2-N-C-CH-R9 

I 

OH 

wherein Ri. R 2 , R 3 . **, R9. and X are defined herein. These 
M compounds intervene in the conversion of artgiotensinogen to 
3 angiotensin II by inhibiting renin and thus are useful as anti- 
™ hypertensive agents. 



CO 
01 

ci 



ACTORUM AG 
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O CH, O But 

•i I I I 

R — C — NH — CH C — NH — CH— X 

wherein But represents an isobutyl or sec-butyl 
group and X includes a group of the formula 
-CH(R 2 )-Y. 

Gordon et al. in U.S. Patent 4,514,391 
disclose hydroxy substituted peptide compounds of 
the formula 

OH R R-, O 

i i i ii 

Rg— CH— CH — CH 2 ~ N — CH— C — X 
NH 

c=o 

i 

which possess angiotensin converting enzyme or 
enkephalinase inhibition activity. 

This invention in its broadest aspects 
relates to the compounds of formula I above, to 
compositions and the method of using such compounds 
as antihypertensive agents* 



The compounds of formula I wherein 
O R 5 O 

H i ii 



X 



is R 6 -(CH 2 ) m -0-C-f NH— CH — C— ^ can be 
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prepared by coupling an alcohol of the "formula" 
(ID 

R3 R2 0 R x 

I I II I 

H 2 N-CH — CH — CH 2 — N — C — CH — R g 

OH 

preferably the hydrochloride salt thereof with 

a peptide of the formula 

(III) 

O R«. O R A 

III i 

R 6 -(CH 2 ) m -0-C-(- NH-CH — C-^ NH — CH — COOH . 

This reaction is preferably performed in a solvent 
such as dimethyl formamide and in the presence of 
hydroxybenzotriazole, diisopropylethylamine, and a 
coupling agent such as dicyclohexylcarbodiimide. 

The corresponding compounds of formula I • 
wherein p is zero can be prepared by coupling 
the alcohol of formula II with the amino acid of 
the formula 
(IV) 

O R 4 
II I 

R 6 - ( CH 2 ) m -0-C-NH-CH — COOH 
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The term aryl refers to phenyl, 1-naphthyl, 
2-naphthyl, mono substituted phenyl , 1-naphthyl, 
or 2-naphthyl wherein said substituent is lower 
alkyl of 1 to 4 carbons, lower alkylthio of 1 to 4 
carbons, lower alkoxy of 1 to 4 carbons, halogen, 
hydroxy, amino, -NH- alkyl wherein alkyl is of 1 to 
4 carbons, or -N( alkyl ) 2 wherein alkyl is of 1 to 4 
carbons, di or tri substituted phenyl, 1-naphthyl 
or 2-naphthyl wherein said substituents are 
selected from methyl, methoxy, methylthio, 
halogen, and hydroxy. 

The term heterocyclo refers to fully satura- 
ted or unsaturated rings of 5 or 6 atoms containing 
one to four N atoms, or one O and up to two N atoms, 
or one S and up to two N atoms. The heterocyclo 
ring is attached by way of an available carbon atom. 
Preferred heterocyclo groups include 2- and 3-thienyl, 
2- and 3-furyl, 2-, 3- and 4-pyridyl, and 
imidazolyl. The term heterocyclo also includes 
bicyclic rings wherein the five or six membered 
ring containing O, S and N atoms as defined above 
is fused to a benzene ring. The preferred 

bicyclic ring is indolyl. 

Jones et al. in WO 84/03044 disclose renin 

inhibiting tetra-, penta-, or hexapeptide 

analogues of the formula 

X-D-E-A-B-Z-W 

where X and W are terminal groups; D, E, B and Z, 
of which any one or, except with reduced 
analogues, two may be absent, are aromatic, lipo- 
philic or (in the case of E) aromatic, lipophilic, 
or basic amino acid or amino acid analogue 
residues, and A is an analogue of a lipophilic or 
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aromatic dipeptide residue wherein the peptide link 
is replaced by one to four-atom carbon or carbon- 
nitrogen link which as such or in hydrated form is 
an unhydrolyzable tetrahedral analogue of the 
transition state of the peptide bond as given 



above. In particular, A is defined as 
R A R n R 2 

I 1 ' x 

-N — C — M — C — G A 

i 5 i 6 

wherein M can be -CH-OH. 

Selke et al. in European Patent Application 
104,041 disclose renin inhibitory polypeptides 
including the partial sequence 

X - A - B - Z — w and 

X-Phe-His-A-B-Z-W 

wherein A is R 1 r 3 r 2 o 

t I I It 

-NH-CH — G — N — CH- C- 

and G is 



OH 

i 

-CH — CH 2 , 

X is hydrogen, protecting group, or an amino acyl 
residue, B is a lipophilic amino acyl residue, and 
Z plus w are an amino alcohol residue or Z is 
aminoacyl and W is hydroxy, ester, amide, etc. 

Matsueda et al. in European Patent 
Application 128,672 disclose renin inhibiting 
35 peptides of the formula 
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to yield the products of the formula 
(V) 

O R 4 O R_ R~ O R. 

Pill f II l 

R 6 ( ^2 * a-O-C-NH-CH - C-NH-CH - CH- CH 2 — C — CH-Rg 

OH 



When R g is t-butyl or benzyl, then the product of 
10 formula V can be treated so as to remove the 

t-butoxycarbonyl or benzyloxycarbonyl group such 
as by the use of hydrochloric acid when R 6 is 
t-butyl to yield the amine of the formula 
(VI) 

R 2 O R„ 

r ii r ( p I 

H 2 N-CH — C— NH -CH-CH — CH 2 — N -C -CH -R g 

OH 

Coupling with the amino acid of the formula 
(VII) 



15 R 4 O R3 « 2 . ^ 



20 



25 II 



O R 5 



R 6 - ( CH 2 ) m -0-C — NH - CH — COOR 



yields the products of formula I wherein 
p is one. 
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The compounds of formula I wherein X is 



o r 5 o 



If I 

other than R fi - < CH 2 ) m ~0-C-+ NH — CH - c— >- 
can be prepared by treating the product^of 

formula I wherein R, is 

o 

o o 
-c-o-c(ch 3 ) 3 or -C-O-ch^-^O) and mis zero 

to remove the t-butoxycarbonyl or benzyl oxycarbonyl 
group and yield the intermediates of the formula 
(VIII) 

R 5 ° R 4 ° *3 O R, 

' H I w I i |l I 

H 2 H-CH— C-KH-CH — C-MH-CH-CH-CH^-H-C-CH-R„ . 

I 9 
OH 



The amine of formula VIII or VI is treated 
with the acid chloride of the formula 
(IX) 

O 
II 

V (CH 2>m~ c - cl 



in the presence of triethyl amine to yield the products 
of formula I wherein 
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X is 



O R 5 O 

|| I II 

R 6- (CH 2 >m- C -<- NH-CH- C-^ 



The amine of formula VIII or VI is treated 
with the substituted sulfonyl chloride of the formula 
(X) 

R 6- (CH 2 ) m- S0 2- Cl 
to yield the products of formula I wherein X is 

R 5 O 
I H 

The products of formula I wherein 

O R 5 O 

II I II 

X is R 6 -(CH 2 ) m — CH-C e NH-CH— C-^ 

I 

< CH 2 ) m« 
I 

R 1 

can be prepared by coupling the carboxylic acid 
of the formula 
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(XI) 

o 
I 

Rg- ( ) m — CH— C — OH 

I 

V 

10 to the amine of formula VIII or VI in the presence 
of dicyclohexylcarbodiimide and 1-hydroxybenzo- 
txiazole hydrate. Alternatively, the acid of 
formula XI can be converted to the acid chloride 
and this acid chloride can then be coupled to the 

15 amine of formula VIII or VI in the presence of 
triethylamine and tetrahydrofuran or water and 
sodium bicarbonate. 

When R 2 is hydrogen, the alcohol of formula II 
can be prepared as follows. A chloromethylketone of 

20 the formula 
(XII) 

R 3 
I 

Prot— NH— CH — C -CH 2 -C1 
25 || 

O 

is treated with a conventional reducing agent 
such as sodium borohydride, diisobutyl aluminum 
hydride, lithium tri t-butoxy aluminum hydride, 
30 etc., wherein Prot is a amino protecting group 

such as t-butoxycarbonyl , to give the chloromethyl 
compound of the formula 
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is coupled to the aminomethyl alcohol of formula 

XV to give the alcohol of the formula 

(XVII) 

f3 ° *1 

Prot-NH-CH-CH-CH^-NH-C -CH- R g . 
I 

OH 

10 This reaction is performed in the presence of 

hydroxybenzotriazole hydrate and a coupling agent 
such as dicyclohexylcarbodiimide. Alternatively, 
the acid of formula XVI can be converted to its 
acid chloride or other activated form which can 

15 then be used to acylate the aminomethyl alcohol of 
formula XV and give the alcohol of formula XVII. 

The alcohol of formula XVII is treated to remove 
the Prot group such as by treatment with hydro- 
chloric acid when Prot is t-butoxycarbonyl and 

20 give the alcohol of formula II. 

When R 2 is other than hydrogen, the epoxide 
of formula XIV is treated with the amine of the 
formula 
(XVIII) 

25 H 2 N ~ R 2 

followed by treatment with the acid or activated 
form of the acid of formula XVI to give the corres- 
ponding alcohol of formula XVII wherein R 2 is other 
30 than hydrogen. The Prot group is removed as described 
above to give the alcohol of formula II. 
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(XIII) 



Prot— NH - CH — CH— CH 2 — Cl 
I 

OH 

Treatment with sodium hydride gives the epoxide 

of the formula 

(XIV) 



which is then treated with ammonia/methanol 
solution to give the aminomethyl alcohol of the 
formula 
(XV) 



Prot — NH 



CH — CH — CH 2 




Prot — NH — CH-CH— CH 2 ~ NH 2 



OH 



The carboxylic acid of the formula 



(XVI) 
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The alcohol of formula II wherein R 3 is 
cyclohexylmethyl can be prepared .by treating the 
aminomethyl alcohol of formula XV wherein Rg 
is benzyl with platinum oxide. The resulting 
cyclohexylmethyl compound is then reacted with the 
acid or activated form of the acid of formula XVI 
as described above* 

In the above reactions, if any of R^, R 2 , 
R3, R 4 , R 5 , R X1 or R 12 are -(CH 2 ) n -aryl wherein 
aryl is phenyl, 1-naphthyl, 2-naphthyl 
substituted with one or more hydroxy or amino 
groups, -(CH 2 ) n -heterocyclo wherein heterocyclo 
is an imidazolyl, -(CH 2 ) n -NH 2 , -(CH 2 ) n -SH, 



-(CH 2 ) n -OH, or -(CH 2 ) n -NH-C 



MH 



then the hydroxyl, amino, imidazolyl, mercaptan, 
or guanidinyl function should be protected during 
the reaction. Suitable protecting groups include 
benzyloxycarbonyl, t-butoxycarbonyl, benzyl, benz- 
hydryl, trityl, etc., and nitro in the case of 
guanidinyl. The protecting group is removed by 
hydrogenation, treatment with acid, or by other 
known means following completion of the reaction. 

The various peptide intermediates employed 
in above procedures are known in the literature or 
can be readily prepared by known methods. See for 
example, The Peptides, Volume 1, "Major Methods Of 
Peptide Bond Formation", Academic Press (1979). 
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Preferred compounds of this invention are 
those of formula I wherein: 

O R- 0 

ii i I 

X is lower alkyl -O-C-NH-CH — C- , 



O R 5 ° 



y— i II I II 

/QV-CH^O-C-NH ch— c- 



or 



o 




^ is hydrogen or lower alkyl of 1 to 5 carbons. 
R2 is hydrogen, lower alkyl of 1 to 5 carbons, 
-(CH 2 ) m -cyclopentyl, or -(CHj ) m -cyclohexyl, or 

m is an integer from 1 to 3. 
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R 5 is -CH^^ , -(c^)^^^, -CH 2 -(a-naphthyl), 
5 -CH 2 -(0-naphthyl), -CI^-^^-OH , -CHj-cyclopentyl , 

,-cyclohexyl, -CE^} , -CHjJ^N , 



-CH 2 




- CH 2"\UN ' " CH 2~irT ' 

N 



15 or -CH 2 - 



I 

H 



R g is lower alkyl of 1 to 5 carbons, 
- ( CH 2 ) m -cyclopentyl , - ( CH 2 ) m -cyclohexyl , 

0 

- (CH 2 ) iT^§) ' -( CH 2 ) iT^Ol ' or -C-NH-R. 



10 

N 



R 10 is lower alkyl of 1 to 5 carbons, 
- ( CH 2 ) m -cyclopentyl , - ( CHj ) m -cyclohexyl , 
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Most preferred are the above compounds 
wherein 

O R s O 

H I II 

X is (^C ) 3 -C-0-C-NH-CH — C- • 

R.^ is hydrogen or -(CHj^-C^ 

R 2 is hydrogen, -(CH 2 ) 4 -CH 3 , or 

R 3 is -CH 2 CH < CH 3)2 or -CH2" C y cloheX y 1 ' 



R 4 is -CHj-jJ—NH 

N 



R 5 is " CH 2*^Q^ 

R 9 is -<ch 2 ) 2 -ch 3 , -ch 2 — . or 



o 



-C-NH-CHj- <0/ • 



The compounds of formula I form salts with a 
variety of inorganic and organic acids* The non- 
toxic pharmaceutically acceptable salts are 
preferred, although other salts are also useful in 
30 isolating or purifying the product. Such 

pharmaceutically acceptable salts include those 
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formed with hydrochloric acid, methanesulfonic 

acid, sulfuric acid, acetic acid, maleic acid, etc* 

The salts are obtained by reacting the product 

with an equivalent amount of the acid in a medium 

in which the salt precipitates. 

In addition, the compounds of formula I 

O 
it 

wherein R 9 is -c-R 13 or 

*11 0 *12 O 

R 1Q is -CH-C-f NH— CH-C-*^ R 13 and 
R 13 is hydroxy form acid addition salts when 
treated with a salt forming ion. Suitable salt 
forming ions include alkali metal salt ions such as 
sodium and potassium and alkaline earth metal salt 
ions such as calcium and lithium. 

The compounds of formula I contain 
asymmetric centers when any or all of R^, R^, Rg, 
R 1X , and R 12 are other than hydrogen and at the 
carbon to which the -OH group is attached- Thus, 
the compounds of formula I can exist in 
diasteroisomeric forms or in mixtures thereof. 
The above described processes can utilize 
racemates, enantiomers or diastereomers as 
starting materials. When diastereomeric products 
are prepared, they can be separated by 
conventional chromatographic or fractional 
crystallization methods. 
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The compounds of formula I, and the pharma- 
ceutical^ acceptable salts thereof , are anti- 
" - i - ^iiypertensive agents. They ^inhibit the conversion 
of angiotensinogen to angiotensin I and therefore, 
5 are useful in reducing or relieving angiotensin 
related hypertension. The action of the enzyme 
renin on angiotensinogen, a pseudoglobulin in 
blood plasma, produces angiotensin I. 
Angiotensin I is converted by angiotensin 

10 converting enzyme (ACE) to angiotensin II. The 
latter is an active pressor substance which has 
been implicated as the causative agent in several 
forms of hypertension in various mammalian 
species, e.g., humans. The compounds of this 

15 invention intervene in the angiotensinogen^ 

(renin) angiotensin I (ACE) angiotensin II 
sequence by inhibiting renin and reducing or 
eliminating the formation of the pressor substance 
angiotensin II. Thus by the administration of a 

20 composition containing one (or a combination) of 
the compounds of this invention, angiotensin 
dependent hypertension in a species of mammal 
(e.g., humans) suffering therefrom is alleviated. 
A single dose, or preferably two to four divided 

25 daily doses, provided on a basis of about 100 to 

1000 mg., preferably about 250 to 500 mg. per kg. of 
body weight per day is appropriate to reduce blood 
pressure. The substance is preferably 
administered orally, but parenteral routes such as 

30 the subcutaneous, intramuscular, intraveneous or 
intraperitoneal routes can also be employed. 
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The compounds of this invention can also be 
formulated in combination with a diuretic for the 
treatment of hypertension. 

A combination product comprising a compound 
of this invention and a diuretic can be 
administered in ah effective amount which 
comprises a total daily dosage of about 1000 to 
6000 mg., preferably about 3000 to 4000 mg. of a 
compound of this invention, and about 15 to 
300 mg., preferably about 15 to 200 mg- of the 
diuretic, to a mammalian species in need thereof. 
Exemplary of the diuretics contemplated for use in 
combination with a compound of this invention are 
the thiazide diuretics, e.g., chlorothiazide, 
hydrochlorothiazide, flumethiazide, hydroflu- 
methiazide, bendroflumethiazide, methyclothiazide, 
trichloromethiazide, polythiazide or benzthiazide 
as well as ethacrynic acid, ticrynafen, 
chlorthalidone, furosemide, musolimine, bumetanide, 
triamterene, amiloride and spironolactone and salts 
of such compounds. 

The compounds of formula I can be formulated 
for use in the reduction of blood pressure in 
compositions such as tablets, capsules or elixirs 
for oral administration or in sterile solutions or 
suspensions for parenteral administration. 
About 100 to 500 mg. of a compound of formula I is 
compounded with physiologically acceptable 
vehicle, carrier, excipient, binder, preservative, 
stabilizer, flavor, etc., in a unit dosage form as 
called for by accepted pharmaceutical practice. 
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The amount of active substance in these 
compositions or preparations is such that a 
suitable dosage in the range indicated is obtained. 

The following examples are illustrative of 
the invention. Temperatures are given in degrees 
centigrade . 
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Example 1 

N 2 - f N- f ( 1 , 1 -Dime thy lethoxy )carbonyl 1 -L-phenyl- 
alanyl ] -N- [ 1- [ 1 -hydroxy- 2- [ ( 1-oxopentyl ) amino 1 - 
ethyl 1 -3-methylbutyl 1 -L-histidinamide 
5 a) ( S ) - f 3 -Methyl- 1- ( 3 -chloro-2-hydroxypropyl ) - 
butyl 1 carbamic acid, 1 , 1-dimethylethyl ester 

Sodium borohydride (1.9 g. , 50 mmole) is 
added to a solution of ( S ) - [ 3 -methyl-1- [ ( chloro- 
methyl ) carbonyl ] butyl ] carbamic acid , 

10 1, 1-dimethylethyl ester (5.3 g. , 20 mmole) in 

tetrahydro fur an/water (50 ml./lO ml.) at 0° with 
stirring. After 2 hours the reaction mixture is 
quenched with 10% potassium bisulfate, diluted 
with ethyl acetate (250 ml.), washed with water 

15 (twice), saturated sodium bicarbonate (twice), and 
10% potassium bisulfate (twice), dried over sodium 
sulfate, and concentrated to give 5.0 g. of white 
solid ( S )- [3-methyl-l-( 3-chloro-2-hydroxypropyl )- 
butyl] carbamic acid, 1, 1-dimethylethyl ester; m.p. 

20 (63°) 93-96°. 

b) ( S ) - [3 -Methyl-1- ( 2 , 3-epoxypropyl )butyl ] carbamic 
acid, 1, 1-dimethylethyl ester 

Sodium hydride ( 0 • 74 g . , 18 . 6 mmole ) is 
added to a solution of ( S )- [3-methyl-l- ( 3-chloro- 

25 2-hydroxypropyl)butyl] carbamic acid, 1, 1-dimethyl- 
ethyl ester (5.0 g., 18.6 mmole) in tetrahydro- 
furan (50 ml., distilled). After stirring 
overnight at room temperature, the reaction mixture 
is filtered and the filtrate concentrated. The 

30 oily residue is redissolved in ether, filtered and 
concentrated to give 4.09 g. of (S)-[3-methyl-l- 
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( 2, 3-epoxypropyl)butyl] carbamic acid, 1,1-dimethyl- 
ethyl ester as a colorless oil. TLC (silica gel; 
ethyl acetate/hexane , 1:4) R f = 0.46. 

c) ( !S)-f3-Methyl-l- ( 3-aminb-2-hydroxypropyl )- 
butyl ] carbamic acid, 1, 1-dimethylethyl ester 

( S ) - [ 3 -Methyl-1- ( 2 , 3-epoxypropyl )butyl ] - 
carbamic acid, 1 , 1-dimethylethyl ester (3.6 g. , 
15.7 mxaole) is added to a solution of saturated 
ammonia/methanol (100 ml.) and stirred for 36 hours 
at room temperature. The reaction mixture is 
concentrated into a solid residue of 3.8 g. of 
( IS ) - [3-methyl-l- ( 3-amino-2-hydroxypropyl )butyl ] - 
carbamic acid, 1,1 -dime thy le thy 1 ester; m.p. 
(76°) 90-92°. 

d) N- [ ( 3S )-3- r f ( 1 , 1-Dimethylethoxy )carbonyl 1 amino 1 - 
2-hydroxy-5-methylhexyl Ipentanamide 

To a solution of (IS)- [3-methyl-l- (3-amino- 
2-hydroxypropyl)butyl] carbamic acid, 1,1-dimethyl- 
ethyl ester (1.9 g., 7.7 ml.) in tetrahydrofuran 
(50 ml., distilled) at 0° is added IN sodium ' 
hydroxide (38.5 ml., 38.5 mmole) and a solution of 
valeryl chloride (2.74 ml., 23.1 mmole ) in tetra- 
hydrofuran (20 ml., distilled). After stirring 
for 2 hours (0° ■* room temperature), the reaction 
mixture is diluted with ethyl acetate (250 ml.) 
and washed with water (twice), saturated sodium 
bicarbonate (twice), and 10% potassium bisulfate 
(twice), dried over sodiuia sulfate, and 
concentrated into a colorless oil (2.4 g.). 
Purification by flash chromatography (Whatman 
LPS-1 silica gel, eluting with ethyl acetate: 
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hexane, 1:1) gives 1.0 g. of N-[(3S)-3-[[(l,l- 
dime thy 1 e thoxy ) carbony 1 ] amino ] -2-hydroxy-5- 
methylhexyljpentanami de as a colorless oil. 
TLC (silica gel; ethyl acetate: hexane, 4:1) 
R f = 0.41. 

e) N- [ ( 3S )-3-Amino-2-hydroxy-5-methylhexyl ] - 
pentanamide , monohydrochloride 

A solution of N-[(3S)-3-[[(l,l-dimethyl- 
e thoxy ) carbonyl ] amino ] - 2 -hydroxy- 5 -me thy lhexy 1 ] - 
pentanamide (1.0 g. , 3.0 mmole) in saturated 
hydrochloric acid/ethyl acetate (50 ml . ) is 
stirred at 0° for 3 hours. The reaction mixture 
is concentrated into a hygroscopic solid residue. 
Trituration with ether gives 0.66 g. of N-[(3S)- 
3 - amino- 2 -hydroxy- 5 -me thy lhexy 1 ] pentanamide , 
monohydrochloride as a white foam; m.p. 37 - 39°. 
TLC (silica gel; 2% NH 4 OH-n-propanol ) R f = 0.38 
Anal, calc'd. for C 12 H 26 N 2 0 2 • HCl -0.38 ^O: 

C, 52.68; H, 10.22; N, 10.24; CI, 12.91 
Found: C, 52.68; H, 10.23; N, 10.24; CI, 12.96. 

f ) N- fN- [ ( i , l-Dimethylethoxy ) carbony 11 -L-phenyl- 
alanyl 1-1 1 -T (phenylme thoxy ) methyl 1 -L-histidine 

Thionyl chloride (27.2 ml., 375 mmole) is 
added in drops to a stirred solution in an ice- 
bath of L-histidine (38.75 g., 240 mmole) in 
methanol ( 500 ml . ) . After 15 minutes the ice-bath 
is removed and the reaction mixture is stirred at 
room temperature for one hour. After refluxing 
for 48 hours, it is concentrated in vacuo . The 
separated crystals are filtered using methanol for 
washings to 48.93 g. of L-histidine, methyl ester, 



HA35 9223437 



dihydrochloride* The methanolic solution on 
dilution with ether affords an additional 10 g. of 

product; m.p. 208 - 209°; [a] 22 = +10-1° (c = 1.8, 

. D 

water) . 

Triethylamine (28 ml., 200 ml.) and di-tert- 
butyl dicarbonate (48 g. , 220 mmole) are added to a 
suspension of L-histidine, methyl ester (24.2 g. , 
100 mmole) in methanol (80 ml.). After 3.5 hours, 
the mixture is filtered and the methanolic 
solution is concentrated in vacuo . The residue is 
taken into chloroform and washed with 10% citric 
acid. The crude product on crystallization from 
isopropyl ether affords 23.1 g. of N,l'-»bis[(l, 1- 
dimethylethoxy)carbonyl] -L-histidine, methyl ester; 
m.p. (62) 88 - 95°; [«]* 2 = +25.4° (c = 1.1, 
carbon tetrachloride ) . 

Benzylchloromethyl ether (11.6 ml., 83.6 mmole) 
is added to a solution of N,l , -bis[(l,l-dimethyl- 
ethoxy)carbonyl] -L-histidine, methyl ester (24.7 g. , 
66.9 mmole) in dry methylene chloride (156 ml.) 
and the reaction mixture is stirred at room 
temperature for 5 hours. After concentrating in 
vacuo and on dissolution in ethyl acetate 17.85 g. 
of N- [ ( 1 , 1-dimethylethoxy ) carbonyl] -1 1 - [ ( phenyl - 
methoxy)methyl] -L-histidine, methyl ester, mono- 
hydrochloride crystallizes out; m.p. (148°) 152 - 
153°; [o]^ 2 = -1^.5° (c = 1.8, methanol). This 
methyl ester product is dissolved in hydrogen 
chloride in acetic acid solution (60 ml., 1.5 N 
and kept at room temperture for 15 minutes. It is 
then evaporated in vacuo and the residue is 
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dissolved in hot: isopropanoi. After cooling, the 
separated crystals are filtered to yield 7.08 g. 
of 1- [ (phenylmethoxy )methyl]-L-histidine, methyl 
ester, dihydrochloride; m.p. (170) 173 - 174°. 

l-[(Phenylmethoxy)methyl]-L-histidine # methyl 
ester, dihydrochloride (1.79 g., 4.94 mmole), 
1-hydroxybenzotriazole (0.756 g., 4.94 mmole), and 
N- [ ( 1 , 1-dimethylethoxy) carbonyl ] -L-phenylalanine 
(1.31 g., 4.94 mmole) are dissolved in dimethyl - 
f ormamide (16 ml . ) . While stirring the above 
solution in an ice-bath, dicyclohexylcarbodiimide 
(1.02 g., 4.94 mmole) and N,N-diisopropyle thy 1 amine 
(1.72 ml., 10 mmole) are added. After 3 hours the 
ice-bath is removed and the reaction mixture is 
stirred at room temperature overnight. It is then 
concentrated to dryness and the residue is tritura- 
ted with ethyl acetate. The separated urea is 
filtered off. The ethyl acetate solution is 
washed with saturated sodium bicarbonate and then 
it is evaporated. The residue upon crystallization 
from ethyl acetate gives 1.97 g. of N-[N-[(1,1- 
dimethylethoxy ) carbonyl ] -L-phenylal anyl ] -1 1 - 
[ ( phenylmethoxy ) methyl ] -L-histidine , methyl ester ; 
m.p. (165) 166 - 168°. 

N- [N- [ ( 1 , 1-Dimethylethoxy) carbonyl ] -L- 
phenylalanyl] -1 • - [ (phenylmethoxy ) methyl] -L- 
histidine, methyl ester (4.5 g., 8.4 mmole) is 
dissolved in hot methanol (25 ml.). After cooling 
to room temperature aqueous sodium hydroxide 
solution (9.24 ml., IN) is added and the mixture 
is stirred at room temperature for 3 hours. It is 
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then concentrated in vacuo and water (60 ml . ) is 
added to the residue. After cooling the aqueous 

,w,*^2 U tion in an ice-bath, it is acidified to pff4.5 
using aqueous hydrochloric aidd. It is then 
5 extracted with ethyl acetate to yield 3.95 g. of 
crystalline N- [N- [ (1 , 1-dimethylethoxy )carbonyl ] -L- 
phenylalanyl ] -1 1 - [ ( pheny lmethoxy )methyl ] -L- 
histidine; m.p. 193 - 194°; [a]o 2 = -4-8° 
(c = 1*1, dime thy lformamide) . 

10 g) N^-[N-[(1, 1-Dimethylethoxy ) carbonyl 1 -L- 
phenyl al any 1 1 - 1 1 - [ ( pheny lmethoxy ) methyl 1 -N- 
[ 1- [ 1 -hydroxy -2- [ ( 1-oxopentyl ) amino 1 ethyl 1-3- 
methylbutyl 1 -L-histidinamide 

To a cold (0°) solution of N- [ (3S )-3-amino-2- 

15 hydroxy- 5 -methylhexyl ]pentan amide , monohydro- 
chloride (66.1 mg. , 0.25 mmole) in 10 ml. of 
dimethyl formamide is added diisopropylethyl amine 
(0.043 ml., 0.25 mmole), N- [N- [ (1, 1-dimethyl- 
ethoxy ) carbonyl ] -L-phenylalanyl ]-!•-[( phenyl - 

20 methoxy)methyl]-L-histidine (130 mg., 0.25 mmole), 
1-hydroxybenzotriazole hydrate (380 mg. , 
0.25 mmole) and dicyclohexylcarbodiimide (51 mg. , 
0.25 mmole). After stirring overnight (0° ■+ room 
temperature), the reaction mixture is diluted with 

25 ethyl acetate and washed with water (twice) and 
saturated sodium bicarbonate (twice), dried over 
sodium sulfate, and concentrated to give 185 mg. 
of N 2 - [N- [ ( 1 , 1-dimethylethoxy ) carbonyl ] -L-phenyl- 
alanyl ] -l • - [ ( pheny Ime thoxy ) methyl ] -N- [1- [ 1-hydroxy- 

30 2 - [ ( 1-oxopentyl ) amino ] ethyl ] - 3 -methy Ibuty 1 ] -L- 
histidinamide as a white solid. 
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h) w 2 - fN- [ ( 1. l-Dimethylethoxy) carbonyl 1 -L-phenyl- 
alanyl 1 -N- f 1- f l-hydroxv-2- f 1 1-oxopentvl ) amino 1 - 
ethyl 1 -3-methvlbutyl 1 -L-histidinamide 

A solution of the product from part (g) 
(175 mg., 0.23 mmole) in methanol (50 ml.) 
containing palladium hydroxide on carbon catalyst 
(50 mg.) is hydrogenated overnight:. The reaction 
mixture is filtered and the filtrate is 
concentrated. The solid residue is triturated 
with ether to give 120 mg. of white solid N 2 - [N- 
[ ( 1 , l-dimethylethoxy ) carbonyl ] -L-phenylalanyl ] - 
N- [1- [ 1 -hydroxy- 2- [ ( 1-oxopentyl ) amino ] ethyl ] -3- 
methylbutyl] -L-histidinamide; m.p. (145°) 
150 - 155°. TLC (silica gel; 15% methanol/ 
chloroform) R f = 0.43, with a minor spot at 
R f = 0.78. 

Anal, calc'd. for C 32 H 5() N 6 0 6 "2.89 HjO: 

C, 57.64; H, 8.43; N, 12.60 
Found: C, 57.64; H, 8.14; N, 12.22. 

Example 2 

N 2 - f N- f ( 1 . 1-Dimethvlethoxv \ carbonyl 1 -L-phenyl- 
alanvl 1 -1 ' - f ( phenylmethoxy ) methyl 1 -N- f ( S ) -1- 
f l-hydroxv-2- [ ( l-oxo-3-phenvlpropvl > amino 1 ethyl 1 - 
3-methylbutyl ] -L-histidinamide 

a) N- f ( 3S ) -3- f f ( 1 , 1-Dimethylethoxy ) carbonyl 1 amino 1 - 
2 -hydroxy- 5 -me thvlhexyl 1 phenpr opvl amide 

To a solution of ( S )- [3-methyl-l- ( 3-amino- 
2 -hydroxypropy 1 )buty 1 ] carbamic acid , 
1,1-dimethylethyl ester (1.0 g., 4.5 mmole) in 
tetr ahydr o fur an (50 ml., distilled) is added 
hydrocinnamic acid (0.67 g. , 4.5 mmole), 1-hydroxy- 
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benzotriazole hydrate (0.69, 4.5 mmole), and 
dicyclohexylcarbodiimide (0.93 g. , 4.5 mtoole). 
~ After ^stirring overnight, the reaction mixture is 
filtered and the filtrate is concentrated. The 
residue is redrssolved in ethyl acetate (75 ml.), 
washed with saturated sodium bicarbonate (twice), 
10% potassium bisulfate (twice), and saturated 
sodium chloride, dried over sodium sulfate, and 
concentrated into a semi-solid residue (1.8 g.)* 
Purification by flash chromatography (Whatman 
silica gel LPS-1, eluting with ethyl acetate: 
hexane, 3:1) gives 0.88 g. of N-[(3S)-3-[[(l, 1- 
dimethylethoxy )carbonyl ] amino ] - 2 -hydroxy- 5 -methyl - 
hexyl]phenpropyl amide as a colorless oil. 

b) N- T ( 3S ) -3 -Amino- 2 -hydroxy- 5 -me thy Ihexyl 1 - 
phenpropyl amide , monohydrochloride 

A solution of N-[(3S)-3-[[(l,l-dimethyl- 
ethoxy ) carbonyl ] amino ] -2 -hydroxy- 5 -me thy Ihexyl ] - 
phenpropyl amide (0.88 g. , 2.33 mmole) in saturated 
hydrochloric acid/ethyl acetate (25 ml.) is 
stirred at 0° for 2 hours. The reaction mixture is 
concentrated to a solid residue. Trituration with 
ether gives 0.73 g. of N-[ (3S )-3-amino-2-hydroxy-5— 
methylhexyl]phenpropylamide, monohydrochloride . 

c) N 2 - TN- T ( 1 , 1-Dimethvlethoxy ) carbonvl 1 -L-phenyl- 
alanvl 1-1' -T( phenylmethoxv ) methyl 1-N- f (S )-l- Tl- 
hvdroxy-2- f (l-oxo-3-phenvlpropyl ) amino lethyll - 
3-methylbutyl 1 -L-histidinamide 

To a cold (0°) solution of N-[(3S)-3- 
amino-2-hydroxy-5-methy Ihexyl ] phenpropyl amide , 
monohydrochloride (0.73 g., 2.33 mmole) in 
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dimethyl formamide (25 ml.) is added diisopropyl- 
ethylamine (0.40 ml., 2.33, mmole), N-[N-[(1,1- 
dimethy lethoxy ) carbonyl ] -L-phenylalanyl ] -1 9 - 
[ ( phenylmethoxy )methyl ] -L-hi s tidine (1.22 g . , 
5 2.33 mmole), 1 -hydroxybenzotr i azole hydrate 
(0.36 g., 2.33 mmole), and dicyclohexylcarbo- 
diimide ( 0 . 48 g. , 2 . 33 mmole ) . After stirring 
overnight (0° ■* room temperature), the reaction 
mixture is diluted with ethyl acetate (150 ml.), 

10 washed with water (twice) and saturated sodium 

bicarbonate (twice), dried over sodium sulfate and 
concentrated. The crude product (1.5 g. , white 
solid) is recrystallized from methanol/hexane to 
give 1.07 g. of ^-[N-CUa-dimethylethoxy)- 

15 carbonyl ] -L-phenylalanyl ] -1 1 - [ ( phenylmethoxy ) - 
methyl ] -N- [ ( S ) -1- [l-hydroxy-2- [ ( l-oxo-3-phenyl- 
propyl ) amino ] ethyl ] -3-methylbutyl ] -L-histidinamide 
as a white solid; m.p. (105°). 145 - 150°. 
TLC (silica gel; 10% methanol/chloroform) = 0.39. 

20 Anal, calc'd. for C 44 H 58 N 6 0 ? -0.6 H 2# 

C, 66.58; H, 7.52; N, 10.59 
Found: C, 66.56; H, 7.46; N, 10.38. 

Example 3 

N 2 - [N- [ ( 1 , 1-Dimethylethoxy ) carbonyl ] -L-phenyl- 
25 alanyl 1 -N- f ( S ) -1- f l-hydroxy-2- f ( l-oxo-3 -phenyl - 

propyl ) amino 1 ethyl 1 -3-methylbutyl ] -L-histidinamide 
A solution of the product of Example 2 

(0.55 g., 0.70 mmole) in methanol (10 ml.) 

containing palladium on carbon catalyst (0.10 g.) 
30 is hydrogenated overnight. The reaction mixture 

is filtered and the filtrate is concentrated. The 
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solid residue is triturated with ether to give 
0.41 g. of N 2 -[N-I(l,l-dimethylethoxy)carbonyl]- 
L-phenylalanyl] -N- [ ( S ) -1- [l-hydroxy-2- [ ( l-oxo-3- 
phenylpropyl ) amino ] ethyl ] -3-methylbutyl ] -L-histidin- 
amide as a white solid; m.p. (132°) 155 - 160°. 
TLC (silica gel; 15% methanol/chloroform) 
= 0.55. 

Anal, calc'd. for CggHggNgOg -0.2 H2O: 

C, 64.88; H, 7.62; N, 12.61 
Found: C, 64.88; H r 7.98; N, 12.40. 

Example 4 

N 2 - [N- f ( 1 , 1-Dimethylethoxy )carbonyl] -L-phenyl- 
alanyl 1 -1 1 - [ ( phenylmethoxy ) methyl 1 -N- r ( S ) -1- 
fl -hydroxy- 2- [ ri-oxo-2- [ [ (phenylmethyl ) amino]- 
carbonyl 1 hexyl 1 amino 1 ethyl 1 -3 -methylbutyl ] -L- 
histidinamide 

a) 2 - [ [ ( Phenylmethyl ) amino ] carbonyl 1 hexanoic 
acid 

N-Hydroxysuccinamide (1.72 g., 15 mmole) 
and dicyclohexylcarbodiimide (3.09 g., 
15 mmole) are added to a solution of n-butyl- 
malonic acid (2.4 g. , 15 mmole) in dimethyl - 
formamide (35 ml.). After a few minutes a 
precipitate is observed. After 90 minutes, 
benzyl amine (3.28 ml., 30 ml.) is added and the 
reaction mixture is stirred at room temperature 
overnight. The reaction is then diluted with 
saturated sodium bicarbonate (100 ml.), filtered, 
and the filtrate is washed with ethyl acetate 
(twice), and then acidified with 10% potassium 
bisulfate, saturated with sodium chloride and 
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extracted with ethyl acetate (three times). The 
combined ethyl acetate extracts are washed with 
water (twice), dried over sodium sulfate, and 
concentrated into an oily residue (3.6 g.)- 
Purification by flash chromatography (Whatman LPS-1 
silica gel, eluting with 5% methanol/chloroform) 
and recrystallization from methanol/ether gives 
0.55 g. of 2-[[(phenylmethyl)amino]carbonyl]- 
hexanoic acid as a white solid; m.p. (95°) 
100 - 105°. 

b) N- [ ( 3S ) -3- f f ( 1 , 1-Dimethylethoxy )carbonyl 1 - 
amino 1 -2-hydroxy-S-methylhexyl 1 -2- 1 f (phenyl- 
methyl ) auaino 1 carbony 1 1 -pentanamide 

To a solution of (S )- [3-methyl-l- 
( 3-amino-2-hydroxypropyl )butyl ] carbamic acid, 
1 , l-dimethylethyl ester (0.32 g. , 1.32 mmole) 
in tetrahydrofuran (25 ml., distilled) is added 
2- [ [ ( phenylme thy 1 ) amino] carbony l]hexanoic acid 
(0.33 g. r 1.32 mmole), 1-hydroxybenzotriazole 
hydrate (0.20 g., 1.32 mmole) and dicyclohexyl- 
carbodiimide (0.27 g., 1.32 mmole). After 
stirring overnight, the reaction mixture is 
filtered, the filtrate is concentrated, and 
the residue is redissolved in ethyl acetate 
(75 ml.). The ethyl acetate solution is washed 
with saturated sodium bicarbonate (three times), 
10% potassium bisulfate (twice), and saturated 
sodium chloride, dried over sodium sulfate, 
and concentrated into a pale yellow foam (0.66 g . ) . 
Purification by flash chromatography (Whatman 
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LPS-1 silica gel, eluting with ethyl acetate : hexane, 
1:1) gives 0-29 g. of N-[(3S)-3-[ [(1, 1 -dime thy lethoxy) 
carbonyl ] amino ] -2-hydroxy-5-methylhexyl ] -2- [ [ (phenyl- 
methyl) amino] carbonyl] -pent anamide as a white solid; 
5 m.p. (91°) 107 - 115°. 

c) N- [ ( 3S ) -3-Amino-2-hydroxy-5-methylhexyl 1-2- 
T T ( phenylme thyl ) amino 1 carbonyl 1 -pentanamide , 
monohydrochloride 

A solution of N-[(3S)-3-[[(l,l-dimethyl- 
10 ethoxy ) carbonyl ] amino ] -2 -hydroxy- 5 -me thy lhexy 1 ] - 
2 - [ [ ( phenylme thyl ) amino ] carbonyl ] -pentanamide 
(0.7 g., 1.46 mmole) in saturated hydrochloric 
acid/ethyl acetate (25 ml.) is stirred at 0° for 
2 hours. The reaction mixture is concentrated to 
15 a solid residue. Trituration with ether gives 

0.60 g. of N-[(3S)-3-amino-2-hydroxy-5-methylhexyl]- 
2- [ [ ( phenylmethyl ) amino ] carbonyl ] -pentanamide , 
monohydrochloride as an oily white solid. 

d) N 2 - [N- [ ( 1 , 1-Dimethvlethoxy )carbonyl 1 -L- 
20 phenyl al any 1 1 -1 1 - [ ( phenylme thoxy ) methyl ] -N- 

r (S )-l- ri-hydroxy-2- T n-oxo-2-r f (phenylmethyl )- 
amino ] carbonyl 1 hexyl 1 amino 1 ethyl 1-3 -methylbuty 1 1 - 
L-histidinamide 

To a cold (0°) solution of N-[(3S)-3-amino- 

25 2-hydroxy-5-methylhexyl] -2- [ [ (phenylmethyl ) amino ] - 
carbonyl] -pentanamide, monohydrochloride (0.60 g., 
1.45 mmole) in dimethylformamide (25 ml.) is added 
diisopropylethylamine (0.25 ml., 1.45 mmole), N- 
[N- [ ( 1 , 1 -dime thyle thoxy ) carbonyl ] -L-phenylalanyl ] - 

30 l f -[(phenylmethoxy)methyl]-L-histidine (0.75 g. , 
1.45 mmole), l-hydroxybenzotriazole hydrate 
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(0*22 g w 1.45 mmole) and di eye i ohexy i c arbodi imi de 
(0.30 g. f 1.45 mmole). After stirring overnight 
(0° room temperature ) , the reaction is diluted 
with ethyl acetate (150 ml.) and washed with water 
(twice), and saturated sodium bicarbonate ( twice ), 
dried over sodium sulfate, and concentrated. The 
residue (1.1 g. , yellow foam) is purified by flash 
chromatography (Whatman LPS-1 silica gel, eluting 
with 5% methanol/chloroform) to give 0.81 g. of 
N 2 - [N- [ ( 1 , 1-dimethylethoxy ) carbonyl ] -L-phenylalanyl ] - 
1 1 - [ (phenylmethoxy )methyl ] -N- [ ( S ) -l-hydroxy-2- 
t [ l-oxo-2- [ [ ( phenylmethyl ) amino ] carbonyl ] hexy 1 ] amino ] - 
ethyl ]-3-methylbutyl]-L-histidinamide as an off- 
white foam; m.p. 112 - 115°. TLC (silica gel; 
10% methanol/chloroform) R f = 0.57. 
Anal . calc 1 d . for C 4g H 6 7 N 7°9 ' 0 * 5 H 2° : 

C, 66.04; H, 7.69; N, 11.00 
Found: C, 66.10; H, 7.68; N, 10.58. 

Example 5 

N 2 - TN- T ( 1 , 1-Dimethylethoxv ) carbonyl 1 -L-phenylalanyl 1 - 
N-f(S)-l-r l-hydroxv-2- f \ l-oxo-2- f f ( phenylmethyl ) amino ] - 
carbonyl 1 hexy 1 ] amino 1 ethyl 1 -3 -methy Ibutyl 1 -L-histi din- 
amide , hydrochloride (1:1.25) 

A solution of the product of Example 4 (0.176 g. , 
0.2 mmole) in methanol (50 ml.) containing IN hydro- 
chloric acid (0.2 ml., 0.2 mmole) and palladium 
hydroxide on carbon catalyst (0.05 g.) is hydro- 
genated overnight. The reaction mixture is 
filtered and the filtrate is concentrated. The 
solid residue is triturated with ether to give 
N 2 - [N- [ ( 1 , 1-dimethylethoxy )carbonyl ] -L-phenyl- 
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alanyl]-N- [ (S )-l- [l-hydroxy-2- [ [l-oxo-2- [ [ (phenyl- 
methyl ) amino ] carbonyl ] hexyl ] amino ] ethyl ] -3 -me thy 1- 
butyl]-L-histidinamide, hydrochloride (1:1.25) as-- a 
white solid; m.p. (135°) 150 - 155°. TLC (silica 
5 gel; 10% methanol/chloroform) R f = 6.39. 

Anal, calc'd. for C 41 H 59 N ? 0 7 - 1.25 HC1 • 1.0 HjO: 

C, 59.65; H, 7.60; N, 11.87; CI, 5.36 
Found: C, 59.60; H, 7.67; N, 11.61; Cl, 5.39. 

Example 6 

10 N 2 - [N- C ( 1 , 1 -Dimethyl ethoxy ) carbonyl 1 -L-phenvl- 
alanyl 1 -N- [ ( S ) -1- r l-hydroxy-2- f ( 1-oxopentyl ) - 
pentyl amino 1 ethyl ] -3 -methylbutyl ] -L-histidinamide 
a) N- T (3S)-3- T T (1/ 1 -Dime thy lethoxy ) carbonyl 1 - 
amino] -2 -hydroxy- 5 -me thy lhexyl 1 -N-pentylpentanamide 

15 N-Amylamine (0.95 ml., 7.5 mmole) is added 

to a solution of (S)- [3-methyl-l-(2,3-epoxypropyl)- 
butyl ] carbamic acid, 1 , 1-dimethylethyl ester 
(1.75 g* , 7.5 mmole) in methanol (100 ml.) and the 
reaction mixture is refluxed overnight. The 

20 reaction mixture is concentrated and the oil 

residue is dried in high vacuum for 2 hours. The 
residue is redissolved in tetrahydrofuran (50 ml., 
distilled) and valeryl chloride (0.97 ml., 
8.25 mmole) and diisopropylethyl amine (1.44 ml., 

25 8.25 mmole) are added. The reaction mixture is 
stirred at room temperature overnight, 
concentrated to 1/3 volume, diluted with ethyl 
acetate (100 ml.), washed with water (twice), 
saturated sodium bicarbonate (twice), and brine, 

30 dried over sodium sulfate, and concentrated into a 
pale yellow residue. Purification by flash 
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chromatography (Whatman LPS-1 silica gel, eluting 
with 15% ethyl acetate/hexane ) gives 1.4 g. of 
N- [ ( 3S ) -3- [ [ ( 1 , 1-dimethylethoxy ) carbortyl ] amino ] - 
2-hydroxy-5-mettylhexyl]-N-pentylpentanamide as a 
colorless oil. 

b) N- f ( 3S )-3-Amino-2-hydroxy-5-methylhexvl1 
penty lpentanami de 

A solution of N-[(3S)-3-[[(l,l-dimethyl- 
e thoxy ) carbony 1 ] amino ] -2 -hydroxy- 5 -me thy lhexy 1 ] -N- 
pentylpentanamide (1.4 g., 3.5 mmole) in saturated 
hydrochloric acid/ethyl acetate (100 ml.) is 
stirred at room temperature for 2.5 hours. The 
reaction mixture is concentrated to an oily 
residue. Trituration with hexane gives 1.16 g. of 
N- [ (3S )-3-amino-2-hydroxy-5-methylhexyl] -N- 
pentylpentanamide as a yellow oily solid residue. 

c) N 2 - [N- [ ( 1 , 1-Dimethylethoxy )carbonyl 1 -L- 
phenylalanyl ] -1 1 - f ( pheny Ime thoxy ) methyl 1 -N- 

f ( s ) -1- r l-hydroxv-2 - [ ( 1-oxopentyl )pentylamino ] - 
ethyl ] -3-methylbutyl 1 -L-histidinamide 

To a cold (0°) solution of M-[(3S)-3- 
amino-2 -hydroxy- 5-me thy Ihexyl ] -N-penty lpentan- 
ami de (0.58 g., 1.72 mmole) in dimethyl formamide 
(25 ml.) is added diisopropylethylamine (0.30 ml., 
1.72 mmole), N- [N- [ ( 1 , 1-dime thy lethoxy ) carbony 1 ] - 
L-phenylalanyl ]-!'-[ ( pheny lmethoxy) methyl ] -L- 
histidine (0.89 g., 1.72 mmole), 1-hydroxy- 
benzotriazole hydrate (0.26 g., 1.72 mmole), and 
dicyclohexylcarbodiimide (0.35 g., 1.72 mmole). 
After stirring overnight (0° * room temperature), 
the reaction mixture is diluted with ethyl acetate 
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(100 ml-)/ washed with water (twice) and saturated 
sodium bicarbonate (twice), dried over sodium 
sulfate, and concentrated to give 1.2 g. of white 
solid product. Purification by flash 
chromatography (Whatman LPS-1 silica gel, eluting 
with 5% methanol/chloroform) and recrystallization 
from warm ether gives 0*53 g* of ^-[N-Ul,!- 
dimethylethoxy ) carbonyl ] -L-phenylalanyl ]-l f - 
[ ( pheny lmethoxy ) methyl ] -N- [ ( S)-l- [1 -hydroxy- 2- 
[ ( 1-oxopentyl )pentylamino ] ethyl] -3-methylbutyl ] - 
L-histidinamide as a white solid; m.p. (130°) 
155 - 160°. 

d) n 2 - [N- [ ( 1 , l-Dimethylethoxv)carbonyl1 - L -pheny 1- 
alanyl 1 -N- T ( S ) -1- f l-hydroxy-2- f ( 1-oxopentyl ) - 
pentylamino 1 ethyl 1 -3-methylbutyl 1 -L-histidinamide 

A solution of the product from part (c) 
(0.95 g., 1.18 mmole) in methanol (60 ml.) 
containing palladium hydroxide on carbon catalyst 
(200 mg.) is hydrogenated overnight* The reaction 
mixture is filtered and the filtrate is concentrated. 
The solid residue is triturated with ether to give 
0.62 of N 2 - [N- [ ( 1 , 1-dimethylethoxy ) carbonyl ] -L- 
phenylalanyl ] -N- [ ( S ) -1- [l-hydroxy-2- [ ( 1-oxopentyl ) - 
pentylamino ] ethyl ] -3-methylbutyl ] -L-histidinamide 
as a white solid; m.p. (96°) 105 - 110°. TLC 
(silica gel; 10% methanol/chloroform) R f = 0.57. 
Anal, calc'd. for C 37 H 60 N 6 0 6 * 1.9 H 2 0: 

C, 61.79; H f 8.94; N, 11.68 
Found: C, 61.79; H, 8.73; N, 11.53. 

4 
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Example 7 

N 2 - fN-T (1, l-DimetAylethoxy)carbonyl1-L-phenyl- 
alanyl ] -N- (^( S ) -1- \ l-hydroxy-2- f ( l-oxo-3-phenvl- . 
propyl )pentylamino ] ethyl 1 -3-methvlbutyll ~L-histi- 
dinamide 

a) N-f (3S)-3-r f (1# 1-Dimethvlethoxv ) carbonyl 1 - 
amino \ -2-hydroxy- 5-methylhexvl 1 -H- ( pentyl )phenyl- 
propyl amide 

N-Amylamine (0.95 ml., 7.5 mmole) is added 
to a solution of (S)-[3-methyl-l-(2,3-epoxypropyl) 
butyl ]carbamic acid, 1, 1-dimethylethyl ester 
(1.75 g., 7.5 mmole) in methanol (100 ml.)* The 
reaction mixture is concentrated and the oily 
residue obtained is dried in high vacuum for one hour. 

Hydrocinnamic acid (1.24 g., 8.25 mmole) is 
dissolved in ether (25 ml.) and oxalyl chloride 
(0.72 ml., 8.25 mmole) and a few drops of 
dimethyl formamide are added. After 45 minutes the 
reaction mixture is concentrated and dried in high 
vacuum for one hour to give the acid chloride of 
hydrocinnamic acid. 

The obtained acid chloride is dissolved in 
tetrahydrofuran (25 ml.) and added to the above 
obtained oily residue of amine along with 
diisopropylethylamine (1.44 ml., 8.25 mmole). The 
reaction mixture is stirred at room temperature 
under nitrogen overnight. The reaction mixture is 
diluted with ethyl acetate ( 150 ml . ) , washed with 
saturated sodium bicarbonate (twice), 10% 
potassium bisulf ate (twice), and water (twice), 
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dried over sodium sulfate, and concentrated to 
give 2.8 g. of pale yellow oily residue. 
Purification by flash chromatography (Whatman 
LPS-1 silica gel; eluting with ethyl acetate/hexane , 
5 1:1) gives 1.9 g. of N-[(3S)-3-[ [(1, 1- dime thy 1- 
ethoxy ) carbonyl ] amino ] - 2 -hydr oxy-5 -methylhexy 1 ] - 
N- (pentyl )phenylpropylamide as a colorless oil. 

b) N- [ ( 3S ) -3 -Amino-2 -hydroxy- 5 -me thy lhexyl 1 -N- 
(pentyl )phenylpropyl amide 

10 A solution of N-[(3S)-3-[[(l,l-dimethyl- 

ethoxy) carbonyl ] amino] -2-hydroxy-5-methylhexyl] -N- 
(pentyl)phenylpropyl amide (1.90 g. , 4.23 mmole) in 
saturated hydrochloric acid/ethyl acetate (25 ml.) 
is stirred at 0° for 2 hours. The reaction 

15 mixture is concentrated to a solid residue. 

Trituration with ether gives 1.58 g. of N-[(3S)-3- 
amino-2-hydroxy-5-methylhexyl ] -N- (pentyl )phenyl- 
propylamide as a hygroscopic white solid. 

c) N 2 - fN- f ( 1 , 1 -Dime thy lethoxy) carbonyl ] - 

20 L-phenylalanyl 1 -1 ' - [ (phenylmethoxy )methyl 1 -N- 
[ ( S ) -1- C 1 -hydr oxy - 2 - [ ( l-oxo-3-phenylpropyl ) - 
pentylaminol ethyl 1 -3-methylbutyl 1 -L-histidinamide 
To a cold (0°) solution of N-[ (3S )~3-amino- 
2 -hydroxy- 5 -me thy lhexyl ] -N- (pentyl )phenylpropyl- 

25 amide (1.58 g. , 4.25 mmole) in dimethyl formamide 

(25 ml.) is added diisopropylethylamine (0.73 ml., 
4 . 23 mmole ) , N- [N- [ ( 1 , 1-dimethylethoxy ) carbonyl ] - 
L-phenylalanyl ]-!•-[ (phenylmethoxy )methyl ] -L- 
histidine (2.21 g. , 4.23 mmole), 1-hydroxybenzo- 

30 triazole hydrate (0.64 g. f 4.23 mmole) and 

dicyclohexylcarbodiimide (0.87 g., 4.23 mmole). y 
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After stirring overnight (0° + room temperature), 
the reaction mixture is diluted with ethyl acetate 
(200 ml . L, washed with water (twice), and .saturated 
spdiunUbicarbonate (twice), dried oyer .sodium 
sulfate, and concentrated into an oily solid. 
Purification by flash chromatography (Whatman 
LPS-1 silica gel, eluting with 10% methanol/ 
chloroform) gives 1.52 g. of N 2 - (N- [ ( 1 , 1-dimethyl- 
ethoxy )carbonyl]-L-phenylalanyl]-l 1 - [ (phenylmethoxy )- 
methyl ] -N- [ ( S ) -1- [ l-hydroxy-2- ( ( l-oxo-3-phenyl- 
propyl )pentylamino] ethyl ] -3-methylbutyl ] -L- 
histidinamide as an off-white foam, 
d) N 2 - fN- f ( 1 ♦ l-Dimethvlethoxy icarbonyl 1 -L-phenyl- 
alanvl 1-N-f (S>-l-f 1 -hydroxy- 2- f ( l-oxo-3- phenvlpropyl ) - 
pentvlamino 1 ethyl 1 - 3-methylbutyl 1 -L -histidinamide 

A solution of the product from part (c) 
(0.80 g. , 0.95 mmole) in methanol (50 ml.) 
containing palladium on carbon catalyst (200 mg. ) 
is hydrogenated overnight. The reaction mixture 
is filtered and the filtrate is concentrated. The 
solid residue is triturated with ether to give 
0-61 g. of product. Purification by flash 
chromatography (Whatman LPS-1 silica gel, eluting 
with 2% methanol/chloroform, 4% methanol/ 
chloroform) gives 0.30 g. of M 2 - [H- [ ( 1 , 1- 
dimethylethoxy )carbonyl ] -L-phenylalanyl ] -N- [ ( S ) -1- 
[ l-hydroxy-2- [ ( l-oxo-3-phenylpropyl )pentylamino ] 
ethyl 1 -3-methylbutyl] -L-histidinamide; m.p. (175°) 
196 - 199°. TLC (silica gel; 10% methanol/ 
chloroform) R- = 0.55. 
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Anal.calc'd. for C 4i H 5 9N 6°6 * °* 5 H 2 0: 

C, 66.45; H, 8.16; N, 11.34 
Found: C, 66.59; H, 8.24; N, 11.59. 

5 Example 8 

N 2 - TN- T ( 1 , 1-Dimethylethoxy ) carbonyl 1 -L-phenyl- 
alanvl 1 -N- r ( S ) -1- [l-hydroxy-2- T ( 1-oxopentyl ) - 
( phenylmethyl ) amino 1 ethyl 1 -3 -methylbutyl ] -L- 
histidinamide 

10 a) N- f ( 3S )-3- T T ( 1 , 1-Dimethylethoxy ) carbonyl 1 - 
amino ] -2-»hydroxy-5-methylhexyl 1 -N- (phenyl - 
methyl )pentanamide 

Benzylamine (1.02 ml., 9.4 mmole ) is added 
to a solution of (S)-[3-methyl-l-(2,3-epoxy- 

15 propyl )butyl]carbamic acid, 1 , 1-dimethylethyl 

ester (2.2 g. , 9.4 mmole) in methanol (60 ml.). 
The mixture is refluxed overnight , concentrated on 
a rotary evaporator , and the residue is dried for 
2 hours in high vacuum. The oily residue is 

20 redissolved in tetradydrofuran (50 ml., distilled) 
and valeryl chloride (1.23 ml., 10.34 mmole) and 
diisopropylethylamine (1.80 ml., 10.34 mmole) are 
added. After stirring overnight at room 
temperature, the reaction mixture is concentrated 

25 to 1/3 volume, diluted with ethyl acetate 
(100 ml.), washed with saturated sodium 
bicarbonate (twice) and water (twice), dried over 
sodium sulfate, and concentrated to a yellow oil 
(4.0 g.). Purification by flash chromatography 

30 (Whatman LPS-1 silica gel; eluting with 10% ethyl 
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acetate/hexane and 25% ethyl acetate/hexane ) gives 
3.2 g. of N-[(3S)-3-[[(l,l-dimethylethoxy)- 
carbonyl ] amino ] -2-hydroxy-5-methylhexyl^-M- 
(phenylmethyl )pentanamide as a pale yellow oil. 

b) N- [ ( 3S ) >3 -Amino-2 -hydroxy- 5 -me thvlhexvl 1 - 
N- ( phenylmethyl )pentanamide 

A solution of N-[(3S)-3-[[(l,l-dimethyl- 
ethoxy ) carbonyl ] amino ] -2-hydroxy-5-methyl- 
hexyl]-N- (phenylmethyl )pentanamide (3.2 g. , 7.6 
mmole) in saturated hydrochloric acid/ethyl 
acetate (50 ml.) is stirred at 0° for 2 hours. 
The reaction mixture is concentrated to an oily 
residue. Trituration with ether gives 2.71 g. of 
N-[(3S) -3-amino-2-hydroxy-5-methylhexyl ] -N- 
(phenylmethyl)pentanamide as a white foam. 

c) N 2 - f n- f ( 1 , l-Dimethylethoxv) carbonyl 1 - 
L-Phenylalanyl l-l'-H phenvlmethoxv Imethyl 1 - 
N- f ( S ) -1- n-hydroxv-2- f ( 1-oxopentyl ) (phenyl- 
methyl ) amino 1 ethyl 1 -3-methylbutvl 1 -L -histidinamide 

To a cold (0°) solution of N-[(3S)-3- 
amino-2-hydroxy-S-methylhexyl] -N- (phenyl- 
methyl )pentanamide (2.71 g., 7.6 mmole) in 
dimethyl formamide (1.31 ml., 7.6 mmole) is added 
diisopropylethylamine (1.31 ml., 7.6 mmole), N-[N- 
[(1, l-dimethylethoxy)carbonyl]-L-phenylalanyl]-l' - 
[(phenylmethoxy)methyl]-L-histidine (3.98 g. , 7.6 
mmole), 1-hydroxybenzotriazole hydrate (1.16 g. , 
7.6 mmole) and dicyclohexylcarbodiimide (4.56 g., 
7.6 mmole). After stirring overnight (0° ■*■ room 
temperature), the reaction mixture is diluted with 
ethyl acetate (500 ml.), washed with water (twice) 
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and saturated sodium bicarbonate ( twice ), dried 
over sodium sulfate, and concentrated to give 
5.1 g. of product as a yellow foam. Purification 
by flash chromatography (Whatman LPS-1 silica gel, 
eluting with 3% methanol/chloroform) gives 3,36 g. 
of N 2 - [N- [ ( 1 , 1-dimethylethoxy ) carbonyl ] -L-phenyl- 
alanyl ] -1 1 - [ ( phenylmethoxy )methyl ]-N[(S )-l- Li- 
lly droxy- 2- [ ( 1-oxopentyl ) ( phenylmethyl ) amino ] ethyl ] - 
3-methylbutyl]-L-histidinamide as a white foam, 
d) N 2 - fN- r ( 1 r 1-Dimethylethoxy ) carbonyl 1 -L-phenyl- 
alanyll -N- f ( S ) -1- \ 1- hydroxy- 2 - [ ( 1-oxopentyl ) - 
( phenylmethyl ) amino ] ethyl 1 -3 -methylbuty 1 1 -L- 
hi s t i dinami de 

A solution of the product from part (c) 
(1.0 g, 1.21 mmole) in methanol (100 ml.) 
containing palladium hydroxide on carbon catalyst 
(200 mg. ) is hydrogenated overnight. The reaction 
mixture is filtered and the filtrate is 
concentrated. The solid residue is triturated 
with ether to give 1.0 g. of product as a white 
solid. Purification by flash chromatography 
(Whatman LPS-1 silica gel, eluting with 2.5% 
methanol/chloroform, 5 . 0% methanol/chloroform ) 
gives 0.29 g. of N 2 -[N-[(l,l-dimethylethoxy)- 
carbonyl ] -L-phenylalanyl] -N- [ ( S ) -1- [ 1-hydroxy- 
2 - [ ( 1 -oxopentyl ) ( phenylmethyl ) amino ] ethyl ] - 
3-methylbutyl]-L-histidinamide; m.p. (93°) 
106°-108°. TLC (silica gel; 10% methanol/ 
chloroform) R f = 0.37. 

4r 
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Anal, calc'd for C^HggNgOg • 0.5 HjO: 

C, 65.70; H, 7.98; N, 11.79 
Foxzxdz » C, 65.73; H, 7.96; K> 11.72. 

Example 9 

N-[ (!S)-l-((^clohexylmet3iyl)-2-hydroxy-3-[ [1- 
oxo-2- f f (phenylmethyl ) amino] carbonyl ] hexvl 1 amino 1 - 
propyl! -N 2 - fN- f ( 1 , l-dimethylethoxy)carbonyl1 -L- 
phenylalanyl 1 -L-histidinamide 

a) ( IS ) - [3-Chloro-l- (phenylmethyl ) -2 -hydroxy- 
propyl ] carbamic acid, 1,1-dimethylethyl ester 

Sodium borohydride (10*4 g., 275 mmole) 
is added with stirring to a solution of (S)-[3- 
chloro-1- (phenylmethyl ) -2-oxopropyl ] carbamic acid, 
1,1-dimethylethyl ester (29-2 g., 110 mmole) in 
tetrahydrofuran/water (100 ml./20 ml.) at 0°. 
After two hours, the reaction mixture is quenched 
with 10% potassium bisulfate, diluted with ethyl 
acetate (300 ml.), washed with water (twice), 
saturated sodium bicarbonate (twice), and 10% 
potassium bisulfate (twice), dried over sodium 
sulfate, and concentrated to give 21.1 g. of (1S)- 
[3-chloro-l- (phenylmethyl ) -2-hydroxypropyl ] carbamic 
acid, 1,1-dimethylethyl ester as a white solid. 

b) ( S ) - r 1- ( 2 , 3-Epoxypropyl )phenylmethyl 1 carbamic 
acid, 1,1 dimethylethyl ester 

Sodium hydride (5.63 g. , 140.76 mmole) is 
added to a solution of (IS )- [3-chloro-l- (phenyl- 
methyl ) -2-hydroxypropyl ] carbamic acid, 1 , 1- 
dimethylethyl ester (21.1 g. , 70.38 mmole) in 
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tetr ahydro fur an (150 ml., distilled) and the 
reaction mixture is stirred overnight- It is then 
filtered and the filtrate is concentrated. The 
oily residue is redissolved in ethyl acetate 
(500 ml.), washed with water (twice), saturated 
sodium bicarbonate (twice), and 10% potassium 
bisulfate (twice), dried over sodium sulfate, and 
concentrated into a white solid residue 
(16.0 g. ). Purification by flash chromatography 
(Whatman LPS-1 silica gel, eluting with 25% ethyl 
acetate/hexane) gives 12.6 g. of (S)-[l-(2,3- 
epoxypropyl )phenylmethyl ] carbamic acid , 1,1- 
dimethylethyl ester as a white solid. 

c) ( IS )- [l-( 3-Amino-2-hydroxypropyl )phenyl- 
methyl] carbamic acid, 1 , 1-dimethylethyl ester 

( S ) - [1- ( 2 , 3-Epoxypropyl )phenylmethyl ] - 
carbamic acid, 1 , 1-dimethylethyl ester (6.5 g., 
24.68 mmole) is added to a solution of saturated 
ammonia/methanol (250 ml.) and stirred for 36 
hours at room temperature. The reaction mixture 
is concentrated to give 6.8 g. of (IS)- [l-(3-amino- 
2 -hydroxypropyl )phenylmethyl ] carbamic acid, 1,1- 
dimethylethyl ester as a solid residue. 

d) ( IS ) r l-( 3 -Amino-2 -hydroxypropyl ) (cyclohexyl- 
methyl)] carbamic acid, 1, 1-dimethylethyl ester, 
monohydrochloride 

Platinum (IV) oxide (200 mg. ) is added to a 
solution of ( IS )-[l-( 3 -amino-2 -hydroxypropyl )- 
phenylmethyl] carbamic acid, 1, 1-dimethylethyl 
ester (0.98 g., 3.5 mmole) in absolute ethanol 
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(50 ml.) containing IN hydrochloric acid (3.5 ml., 
3.5 mmole) and hydrogenated at 55 psi overnight. 
The reaction mixture is filtered and the oily 
residue is triturated with hexane to give 1.07 g. 
of (IS) [l-(3-amino-2-hydroxypropyl ) (cyclohexyl- 
methyl)] carbamic acid, 1 , 1-dimethylethyl ester, 
monohydrochloride as a white solid; m.p. 58-60°. 
e) N-r(3S)-3-f f (1, l-Dimethvletho xv)carbonyl1 » 
amino 1 -2-hvdroxy-4- ( cvclohexvl )butyl ] -2- f r (phenyl- 
methyl ) amino 1 carbonvl 1 -pentanamide 

M-Hydroxysuccinimide (17.2 g. , 150 mmole) is 
added to a solution of n-butylmalonic acid (24.0 g., 
150 mmole) in dimethyl formamide (100 ml.). After 
stirring at room temperature for one hour, 
benzylamine (32.8 ml., 300 mmole) is added to the 
suspension and the mixture is stirred overnight. 
The reaction mixture is poured into 2N sodium 
hydroxide (500 ml.) and filtered. The filtrate is 
washed with ethyl acetate (2 x 500 ml.), and the 
aqueous portion is acidified with 2M hydrochloric 
acid. The precipitated solids are filtered to give 
12.3 g. of 2-[[(phenylmethyl)amino]carbonyl]hexanoic 

acid; m.p. (95°). 

To a solution of ( IS )- [1- (3-amino-2-hydroxy- 
propyD(cyclohexylmethyl)] carbamic acid, 1,1- 
dimethylethyl ester, monohydrochloride (1.0 g., 
3.10 mmole) in tetr ahydro fur an (50 ml., distilled) 
is added diisopropylethylamine (0.54 ml., 3.10 mmole), 
2 - [ [ (phenylmethyl ) amino ]carbonyl]hexanoic 
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acid (0.77 g. , 3 . 10 mmole ) , 1-hydroxybenzotriazole 
hydrate (0.47 g. , 3.10 mmole) and dicyclohexyl- 
carbodiimide (0,64 g., 3.10 mmole). After 
stirring overnight, the reaction mixture is 
5 filtered and the filtrate is concentrated. The 

residue is redissolved in ethyl acetate (200 ml.), 
washed with saturated sodium bicarbonate (twice), 
10% potassium bisulfate (twice), and saturated 
sodium chloride, dried over sodium sulfate, and 

10 concentrated into a white solid (1.6 g.). 

Purification by flash chromatography (Whatman 
LPS-1 silica gel, eluting with 2% methanol/ 
chloroform) gives 1.1 g. of N-[(3S)-3-[ [(1, 1- 
dimethylethoxy )carbonyl ] amino ] -2-hydroxy-4- 

15 ( cyclohexyl )butyl ] -2 - [ [ (phenylmethyl ) amino ] - 

carbonyl] -pentanamide as a white solid; m.p. (75°) 
87-118°. 

f ) N- f ( 3S ) -3-Amino-2-hydroxy-4- ( cyclohexyl ) - 
butyl 1 -2 - T T (phenylmethyl ) amino 1 carbonyl ] - 

20 pentanamide, monohydrochloride 

A solution of the product from part (e) (1.1 g., 
2.1 mmole) in saturated hydrochloric acid/ethyl 
acetate (50 ml.) is stirred at 0° for 2 hours. 
The reaction mixture is concentrated to a solid 

25 residue. Trituration with ether gives 0.97 g. of 
N- [ (3S )-3-amino-2-hydroxy-4-( cyclohexyl )butyl] - 
2 - [ [ ( phenymethyl ) amino ] carbonyl ] -pentanamide , 
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monohydrochloride as a white solid. 

g) N- f ( IS ( Cyclohexvlmethyl >-2-hvdroxy- 

3-f ri-oxg-2-f f (phenvlmeth.vl>amijao1ca^ 9«Yl1hexvn- 

aminolnropvl 1 -N 2 - W- t ( 1 , l-dimeth ylethoxy )carbonyl 1 - 

L-phenvlalanvl 1 -1 « - f ( phenylm ethoxv imethvl 1 -L- 

histidinamide 

To a cold (0°) solution of N-[(3S)-3-amino- 
2-hydroxy-4- ( cyclohexyl )butyl 1 -2- [ [ (phenylmethyl ) - 
amino ] carbonyl ] -pentanamide , monohydrochloride 
(0.97 g., 2.1 mmole) in dimethylformamide (25 ml.) 
is added diisopropylethylamine (0.36 ml., 2.1 mmole), 
N- [N- 1 ( 1 , 1-dimethylethoxy )carbonyl ] -L- 
phenylalanyl ( phenylmethoxy ) methyl ] -L- 

histidine (1.09 g., 2.1 mmole), 1-hydroxy- 
benzotriazole hydrate (0.32 g., 2.1 mmole), and 
dicyclohexylcarbodiimide (0.43 g., 2.1 mmole ) . 
After stirring overnight (0° room temperature), 
the reaction mixutre is diluted with ethyl acetate 
(200 ml.), washed with water (twice) and saturated 
sodium bicarbonate (twice), dried over sodium 
sulfate, and concentrated to an oily solid (2.5 g. ). 
Purification by flash chromatography 
(Whatman LPS-1 silica gel; eluting with 10% 
methanol/chloroform) gives 1.61 g. of N-l(lS)- 
1- ( cyclohexylmethyl ) -2-hydroxy-3- [ [l-oxo-2- 
[ [ ( phenylmethyl ) amino ] carbonyl ] hexyl ] amino 1 propyl ] - 
N 2 - [N- [ ( 1 , l-dimethylethoxy ) carbonyl ] -L-phenyl- 
alanyl ]-!•-[ (phenylmethoxy )methyl ] -L-histidinamide 
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as a white solid, m.p. (65°) 110°-117°. 
h) N-[(lS)-l-( Cyclohexylmethyl ) ^-hydroxy- 
s'- [ T ( l-oxo-2 - T f ( pheny lmethyl ) amino 1 carbony 1 1 hexyl 1 - 
amino] propyl 1-N 2 - [N- [ (1, 1- dime thy lethoxy )carbonyl]- 
5 L-phenylalanyl ] -L-histidinamide 

A solution of the product from part (g) 
(1.60 g., 1.74 mmole) in methanol (50 ml.) 
containing palladium hydroxide on carbon catalyst 
(250 mg. ) is hydrogenated overnight* The reaction 

10 mixture is filtered and the filtrate is 

concentrated. The solid residue is triturated 
with ether to give 1.55 g. of crude product. 
Purification by flash chromatography (Whatman 
LPS-1 silica gel, eluting with 2% methanol/ 

15 chloroform * 5% methanol/chloroform) gives 0.22 g. 
of N- [ ( IS ) -1- ( cyclohexylmethyl ) - 2 -hydroxy- 
3 - [ [ ( l-oxo-2- [ [ ( phenylmethyl ) amino ] carbony 1 ] hexyl ] - 
amino] propyl ] -N 2 - [N- [ ( 1 , 1-dimethylethoxy ) carbony 1 ] - 
L-phenylalanyl]-L-histidinamide; m.p. (105°) 

20 110-115°. TLC (silica gel; 10% 
methanol/chloroform) = 0.34. 
Anal. calc f d. for: C 44 H 63 N 7 0 ? - 1. 5 H 2 0 : 

C63.74; H,8.02; N, 11.82 
Found: C63.73; H,7.85; N, 11.57. 



4 
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Examples 10 * 36 
Following the procedure of Examples 1 to 9, 
additional « compounds within the scope of this 
invention can be prepared vhaving the formula 



X-NH-CH — 



0 R~ 

1 i 

C — NH — CH 



r ii r 

CH —CELy — N — C — CH -R Q 

i 

OH 



$2343.7 




DOC ID: <EP 0223437A2_I_> 



r o 
I 7 



-53- 



HA359 



0223437 



v 

5 



*~ I 7 



9 



9 9 



o 

5* 



^ & ^ I? 

«~ I 9 9 9 9 




rv-irv -FP Q223437A2 I > 



r I 



I 



-54- 



V 



9 



HA359 

0223437 



v 

[ o4 S f 9 



9 



*" I ? f 9 9 




DOCID: <EP 0223437A2J_> 



mm 

t I 



-56- 



9 



0 5 



o H 
■ i 



*" ! v v v 



K • r P* P 



HA359 

0223437 



3 

■ 



o-o 

? 



1 



o=i 

6 



4 



5DOC1D: <EP 0223437A2J_> 



-57- 



HA359 " 

0223437 



i 



? 



0 

T 



1? 



s 

I*. 



9 



p 

In 



I 



I 

o 



6 



I 

O 

s 



i 5" 



s/-v~ir> .CD ra>5>3437A2 I > 




XDCID: <EP 0223437A2J_> 



-59- 



HA359 

0223437 



Example 37 

1000 tablets each containing the following 
ingredients : 

N- [ (lS)-l-( Cyclohexylmethyl )-2- 
hydroxy-3- [ [l-oxo-2- [[ (phenyl - 
methyl ) amino ] carbony 1 ] hexy 1 ] - 
amino Jpropyl ] -N 2 - [N- [ ( 1 , 1- 
dime thy le thoxy ) carbony 1 ] -L- 
phenylalanyl ] -L- 

histidinamide 250 mg. 

Cornstarch 100 mg. 

Gelatin 20 mg. 

Avicel (microcrystalline cellulose) 50 
Magnesium s tear ate 5 mg. 

425 mg. 

are prepared from sufficient bulk quantities by 
mixing the N- [(IS) cyclohexylmethyl ^-hydroxy- 
s' [i-oxo-2-[ [(phenylmethyl) amino] carbony l]hexyl]- 
amino ] propyl ] -N 2 - [N- [ ( 1 , 1- dime thy le thoxy ) carbony 1 ] - 
L-phenylalanyl]-L-histidinamide and cornstarch 
with an aqueous solution of the gelatin. The 
mixture is dried and ground to a fine powder. The 
Avicel and then the magnesium stearate are admixed 
with granulation. This mixture is then compressed 
in a tablet press to form 1000 tablets each 
containing 250 mg. of active ingredient. 

In a similar manner, tablets containing 250 
mg. of the product of any of Examples 1 to 8 and 
10 to 36 can be prepared. 

A similar procedure can be employed to form 
tablets containing 500 mg. of active ingredient. 
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^ Example 38 
An injectable solution is prepared as 
follows : 

N 2 - [N- [ ( l , i-Dimethylethoxy ) - 
5 carbonyl ] -L-phenylalanyl ] -N- 
[ ( S ) -1- [l-hydroxy-2- [ ( 1-oxo- 
pentyl ) ( pheny Imethy 1 ) amino ] - 
ethyl ] -3 -me thylbutyl ] -L- 

histidinamide 1000 g. 

10 Methyl paraben 5 9- 

Propyl paraben 1 9- 

Sodium chloride 5 9- 

The active substance, preservatives, and 
sodium chloride are dissolved in 3 liters of water 

15 for injection and then the volume is brought up to 
5 liters. The solution is filtered through a 
sterile filter and aseptically filled into 
presterilized vials which are closed with 
presterilized rubber closures- Each vial contains 

20 5 ml- of solution in a concentration of 200 mg. of 
active ingredient per ml. of solution for 
inj ection. 

In a similar manner, an injectable solution 
containing 200 mg. of active ingredient per ml. of 
25 solution can be prepared for the product of any of 
Examples 1 to 7 and 9 to 36. 
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Example 39 

1000 tablets each containing the following 
ingredients : 

N— [ (IS )-l- ( Cyclohexylmethyl )• 
2-hydroxy-3- [ [l-oxo-2- [ [ (phenyl- 
methyl ) amino ] carbonyl ] hexyl ] - 
amino ] propyl ] -N 2 - [N- [ ( 1 , 1- 
dimethylethoxy ) carbonyl ] -L- 
phenylalanyl ] -L- 

histidinamide 500 mg. 

Avicel 300 mg. 

Lactose 113 i°g. 

Cornstarch 15.5 mg. 

Hydrochlorothiazide 14.5 mg. 

Stearic acid 7 mg. 

950 mg. 

are prepared from sufficient bulk quantities by 
slugging the N-[(lS)-l-(cyclohexylmethyl)-2- 
hydroxy-3- [ [ l-oxo-2- [ [ (phenylmethyl ) amino ] carbonyl ] - 
hexyl ] amino ]propyl ] -N 2 - [N- [ ( 1 , 1-dimethylethoxy ) - 
carbonyl ] -L-phenylalanyl ] -L-histidinamide , Avicel , 
and a portion of the stearic acid. The slugs are 
ground and passed through a #2 screen, then mixed 
with the hydrochlorothiazide, lactose, cornstarch, 
and remainder of the stearic acid. The mixture is 
compressed into 950 mg. capsule shaped tablets in 
a tablet press. 

In a similar manner, tablets can be prepared 
containing 500 mg. of the product of any of 
Examples 1 to 8 and 10 to 36. 
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CLAIMS 



1. A compound of the formula 



R O R3 R 2 O 

I II I I II 

X— NH — CH — C — NH — CH- CH - CR^- N -C— CH— R g 

I 

OH 



or such a compound in pharmaceutically acceptable salt 
form wherein: 



X is 



O R 5 0 

II I II 

R 6- (CH 2>m- NH-CH" C -% 



O R 5 O 

II I II 

l 6" (CH 2 ) nT 0_C -^ NH-CH - C-^ 



R 5 O 

I (( 
NH— CH — C ~^p ' or 



4 
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V< CH 2>m 



II 

- CH- C 
I 

(CH^ 
I 



H 



p is zero or one; 



R 3' R 4' R 5' R ll' *12 are *aA*P* aa * Bitl J 

selected from the group consisting of hydrogen, 
lower alkyl, halo substituted lower alkyl, 
- ( CH 2 ) n -aryl ,-(CH 2 ) n -heterocyclo , -<CH 2 ) n -OH, 
"< CH 2>n-NH2' "(CH 2 ) n -SH, - (CH 2 ) n -S- lower alkyl, 
-(CH 2 ) n -0-(CH 2 ) g -OH, -(CH 2 ) n -0-(CH 2 ) g -NH 2 , 
-(CH 2 ) n -S-(CH 2 ) g -OH, ^ 

4 



-(CH 2 ) n -S-(CH 2 )-NH 2 , -(CH 2 ) n -NH-C. 



NH 2 



O 

II 



8 



and -(CH 2 ) n -cycloalkyl; 

R x and R 2 are independently selected from 
the group consisting of hydrogen, lower alkyl, 
-(CH 2 ) m -aryl, -(CH 2 ) m -cycloalkyl and -(CH^- 
heterocyclo; 
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R & and Rg f are independently selected from 
the group consisting of lower alkyl, cycloalkyl, 
aryl, and heterocyclo ; 

m and m 1 are independently selected from the 
group consisting of zero and an integer from 1 to 5; 
n is an integer from 1 to 5; 
g is an integer from 2 to 5; 

R ? is-CH 2 -0-CH£-^^ , -CH£— 



or 




R g is 2 , 4-dinitrophenyl ; 

R g is hydrogen, lower alkyl, 
-(CH 2 ) m -cycloalkyl, -(CH 2 ) m -aryl, 
- ( CH 2 ) n -heterocyclo , 



-C-NH-R 



10' 



or-C-R 



13' 



R 1Q is hydrogen, lower alkyl, 

-(CH^-cycloalkyl, ~ (GH 2 ) nT ary1 ' 
-(CH 2 ) n -heterocyclo, or 

-CH C-e NH-CH C-t^ R 13 ; 

R 13 is hydroxy, -O- lower alkyl, 
-O- ( CH 2 ) m -cycloalkyl , -0-(CH 2 ) m -aryl, 
-0-(CH 2 ) n -heterocyclo, or -NH 2 ; 

q is zero or one; 
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the term lower alkyl refers to straight or 
branched chain radical having up to seven carbon 
atoms ; 

thet term cycloalkyl refers to saturated rings 
of 4 to 7 carbon atoms; 

the term halo refers to CI, Br, and F; 

the term halo substituted lower alkyl refers 
to such lower alkyl groups in which one or more 
hydrogens have been replaced by chloro, bromo or 
fluoro groups; 

the term aryl refers to phenyl, 1-naphthyl, 
2-naphthyl, mono substituted phenyl, 1-naphthyl, or 
2-naphthyl wherein said substituent is lower alkyl 
of 1 to 4 carbons, lower alkyl thio of 1 to 4 
carbons, lower alkoxy of 1 to 4 carbons, halogen, 
hydroxy, amino, -NH-alkyl wherein alkyl is of 1 to 
4 carbons, or -N( alkyl ) 2 wherein alkyl is of 1 to 
4 carbons, di or tri substituted phenyl, 
1-naphthyl or 2-naphthyl wherein said substituents 
are methyl, methoxy, methyl thio, halogen or 
hydroxy; and 

the term heterocyclo refers to fully saturated 
or unsaturated rings of 5 or 6 atoms containing one 
to four N atoms, one O atom and up to two N atoms, 
or one S atom and up to two N atoms and bicyclic 
rings wherein the five or six membered ring 
containing 0, S and N atoms as defined above is 
fused to a benzene ring. 
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2. A compound of Claim 1 having the formula 



r O R 3 R 2 O R x 

III MM 

x — NH-CH — C-NH-CH - CH-CH^— N - C"CH -R g 

I 

OH 

or such a compound in pharmaceutically acceptable salt 
form wherein: 



O R- 0 

II I II 

X is lower alkyl-O-C-NH - CH - C- 




4 
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R x is hydrogen or lower alkyl of 1 to 5 
carbons; 

R 2 is hydrogen, lower alkyl of 1 to 5 0 . 
carbons, MCH^-cyclopentyl, -(CH 2 )j n -cyclohexyl, 



or 



m is an integer from 1 to 3 

is straight or branched chain lower alkyl 
of 3 to 5 carbons, -CHj-cyclopentyl , or 
-CHj-cyclohexyl ; 
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-cn^P) ■ -chjJ® . -ch 2 -<0> . 



<CH 2 ) 



N 

I 

no. 



R 5 is 



N0 2 



-CH 2 - (a-naphthyl) , -CH,- { 6-naphthyl) , 



-CH 




fAU/" 08 » -CH 2 -cyclo?entyl , 



-CH 2 -cyclohexyl , 




-CH2— <Qn , -cH_-r(0' N 



i * 
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R 9 is lower alkyl of 1 to 5 carbons, 
• ( CH 2 ) m -cyclopentyl , - ( CH 2 ) m -cyclohexyl , 

^ >m"<5> • 



O 

II 

•C-NH-R 10 ; and 



R 10 is lower alkyl of 1 to 5 carbons, 
•(CH 2 ) m - cyclopentyl, -(CHj ) m -cyclohexyl , 

N 

3. A compound of Claim 2 wherein: 



O R- O 

II I II 
X is (H 3 C) 3 C-0-C-NH-CH— C-; 



R x is hydrogen or -(CB 2 ) 3 -CS 3 ; / ^ 

R 2 is hydrogen, -(CHj^-CHg, or -C^-^Q^ ; 



R 3 is -CH^C^CHg^ or -CRg-cyclohexylj 
77— N ** 

N 



R 4 is -CH 2 -r — NH ; 



R 5 is -CH 2 — »' and 
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4. The compound of Claim 3, Mr-[N- 

[ ( 1 , l-dimethylethoxy ) carbonyl ] -L-phenylalanyl ] - 
N-[(S)-l-[ l-hydroxy-2- [ ( 1-oxopentyl ) amino ] ethyl ] - 
3-methylbutyl ] -L-histidinamide . 

5. The compound of Claim 3, 
dimethy lethoxy ) carbonyl ] -L-phenyl alany 1 ] -N- 

[ ( S ) -1- [ 1 -hydroxy- 2- [ ( l-oxo-3-phenylpropyl ) - 
amino] ethyl ] -3-methylbutyl ] -L-histidinamide - 

6. The compound of Claim 3, N 2 -[N- 

[ ( 1 , l-dimethylethoxy ) carbonyl ] -L-phenylalanyl ] - 
N- [ ( S ) -1- [l-hydroxy-2- [ [l-oxo-2- [ [ (phenylmethyl)- 
amino ] carbonyl ] hexyl ] amino ] ethyl ] -3-methyl- 
butyl ] -L-histidinamide , hydrochloride (1:1.25). 

7. The compound of Claim 3, ^-[N-Ulrl- 
dimethylethoxy ) carbonyl ] -L-phenylalanyl ] -N- 

[ ( S ) -1- [ l-hydroxy-2- [ ( 1-oxopentyl )pentylamino] - 
ethyl ] -3-methylbutyl ] -L-histidinamide . 

8. The compound of Claim 3, N^-[N-[(l,l- 
dimethylethoxy ) carbonyl ] -L-phenylalanyl ] -N- 

[ ( S ) -1- [l-hydroxy-2- [ ( l-oxo-3-phenylpropyl ) - 
pentylamino ] ethyl ] -3-methylbutyl ] -L-histidinamide . 

9. The compound of Claim 3, N^-[N-[(1,1- 
dimethylethoxy ) carbonyl ] -L-phenyl al anyl ] - 

N- [ ( S ) -1- [l-hydroxy-2- [ ( 1-oxopentyl ) (phenyl- 
methyl ) amino ] ethyl ] -3-methylbutyl ] -L- 
histidinamide. ^ 
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10. The compound of Claim 3, N-[(1S)-1- 
(cyclohexylmethyl)-2-hydroxy-3- [ [l-oxo-2- 

[ [ ( pheny Ime thy 1 ) amino ] carbonyl ] hexy 1 ] amino ] - 
propyl ] -N 2 -[N-[(l, 1-dimethy lethoxy ) carhonya ]- o 
L-phenylalany 1 }-L-histidinamide . 

11. A composition for treating hypertension 
in a mammalian species comprising a 
pharmaceutical ly acceptable carrier and an anti- 
hyp e rt ens i ve 1 y effective amount of a compound of 
Claim 1. 

12. A method of treating hypertension in a 
mammalian species which comprises administering an 
anti-hypertensively effective amount of the 
composition of Claim 11. 
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